Introduction {#sec1}
============

Prehypertension was first defined by the Seventh Report of the Joint National Committee on Prevention, Diagnosis, Evaluation, and Treatment of High blood pressure (JNC 7). By definition, those who have blood pressure (BP) between 120 and 139 mm Hg systolic or 80 and 89 mm Hg diastolic \[[@cit0001]\] are considered to have prehypertension. Prehypertension is common and affects \~25--50% of adults worldwide. The prevalence was 31% in the USA, 32% in Japan, and 40% in the Ashanti region of Ghana \[[@cit0002]--[@cit0004]\]. Studies revealed that prehypertension could be linked to subsequent development of hypertension, with annual rates ranging from 8% to 20% in studies lasting 2--4 years, and 4% to 9% in longer-term studies \[[@cit0005]\]. Individuals with prehypertension showed a two to threefold higher risk of developing hypertension than those who are normotensive \[[@cit0006], [@cit0007]\]. Prehypertension also increases the risk of cardiovascular events. In the Framingham study, the risk-factor-adjusted hazard ratio for cardiovascular disease was higher in subjects with high-normal blood pressure (130--139/85--89 mm Hg) than those with optimal blood pressure \[[@cit0008]\]. Several prospective and cross-sectional studies have reported an elevated cardiovascular disease risk among prehypertensives \[[@cit0009]--[@cit0012]\]. Epidemiological studies have also showed that prehypertension is likely to be associated with increased risk of target-organ damage \[[@cit0005], [@cit0013]\].

Prehypertension is highly prevalent and elevates the risk of incident hypertension, cardiovascular events, and death. Studies have indicated that effective preventative approaches can delay or reduce the progression from prehypertension to hypertension \[[@cit0014]\]. Hence, risk management and disease prevention for the large proportion of the population with prehypertension are important. However, no effective public health strategy has been employed on this account \[[@cit0015]\].

To develop strategies to control prehypertension, many studies have explored risk factors associated with prehypertension \[[@cit0016]--[@cit0019]\]. However, previous studies have been limited to a general population and very few studies have evaluated whether the risk factors are different based on gender. Furthermore, previous studies concentrated on risk factors such as demography, lifestyle habits or traditional risk factors like age and obesity. Few studies have assessed the possible association among metabolic factors such as plasma lipid and glucose abnormalities. Therefore, we aimed to assess the association of prehypertension in terms of metabolic factors, especially their possible differences between males and females, in order to develop more specific prevention strategies.

Material and methods {#sec2}
====================

Study subjects {#sec2.1}
--------------

The study was a cross-sectional study of 3891 subjects who underwent a general physical examination in the Second Affiliated Hospital, School of Medicine, Zhejiang University from March 2014 to March 2015. Of all the subjects, there were 2233 men and 1658 women, aged from 18 to 80 years old. All the subjects were asked to complete a questionnaire including gender, date of birth, occupation, marital status, smoking status, alcohol intake history, past medical history, and family history. Current smoker was defined as smoking occasionally or ≥ 1 cigarette/day \[[@cit0020]\]. All the subjects in our study were free of cardiovascular and cerebrovascular disease, atherosclerotic disease, cancer, hypotension, hypertension, diabetes, renal disease, hepatic disease, and infectious diseases, consumed no alcohol (0 g/week) \[[@cit0021]\] and were not on any antihypertensive therapy. All the subjects signed informed consent. The study was reviewed and approved by the institutional review board (IRB) of the Second Affiliated Hospital of the Zhejiang University School of Medicine (ethical review code: Research 2014-113).

Blood pressure measurement {#sec2.2}
--------------------------

Blood pressure was measured in the right arm after resting for 10 min in a seated position, using an automated device (Omron 711, Dalian, China). At least three sitting BP measurements with a 30-second interval were taken and the average of the last two was used for analysis. Prehypertension was defined as BP between 120 and 139 mm Hg systolic or 80 and 89 mm Hg diastolic. Normal blood pressure was defined as BP values \< 120/80 mm Hg.

Laboratory test and assessment of metabolic factors {#sec2.3}
---------------------------------------------------

All the subjects fasted overnight (at least 12 h). Blood samples were collected into 5 ml gel separator tubes (BD, USA) between 8 AM and 10 AM. Serum was subsequently isolated from the whole blood. Total cholesterol (CHO), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), triglycerides (TG), fasting blood glucose (FBG), serum creatinine (CR), uric acid (UA) and homocysteine (HCY) were analyzed with a Beckman AU5800 automatic analyzer (Beckman Coulter, Tokyo, Japan).

The following diagnostic criteria were employed as recommended for Chinese adults \[[@cit0022]\]. Overweight and obesity were defined as 24.0 ≤ to ≤ 27.9 kg/m^2^ and body mass index (BMI) ≥ 28.0 kg/m^2^ respectively. Hyperuricemia was defined as serum UA level ≥ 420 μmol/l for males and ≥ 360 μmol/l for females. Hyperglycemia was defined as FBG \> 6.90 mmol/l. Hyperhomocysteinemia was defined as HCY ≥ 10.0 μmol/l and high creatinine was defined as CR level \> 115 μmol/l for males and \> 107 μmol/l for females. Dyslipidemia was defined as TG ≥ 1.70 mmol/l, CHO ≥ 5.70 mmol/l, LDL-C ≥ 3.60 mmol/l, or HDL-C \< 1.00 mmol/l \[[@cit0023]\].

Statistical analysis {#sec2.4}
--------------------

Continuous data were presented as mean ± SD or percentage. The relationships between the continuous variables of the different groups were analyzed using the *t*-test. Categorical variables were presented as a number (percentage). A χ^2^ test was used for the comparison of categorical variables. Multiple logistic regression analysis was used to evaluate the associations between prehypertension and metabolic variables. In addition, we used receiver operating characteristic curve (ROC) analyses to determine whether the risk factors have diagnostic accuracy for prehypertension. We first conducted a logistic regression to obtain the predicted probabilities for multivariate ROC analysis. We then tested whether the resulting area under the ROC curve (AUC) for combined variables is significantly better than any of the variables taken alone by using this saved probability as an indicator. The statistical analysis was performed using the IBM SPSS 20.0 software package, and *p*-values less than 0.05 were considered statistically significant.

Results {#sec3}
=======

General characteristics of study subjects {#sec3.1}
-----------------------------------------

Among all subjects studied, the incidence of prehypertension was 55.9% (66.9% of men, 41.1% of women). General characteristics of the study subjects are shown in [Table I](#t0001){ref-type="table"}. All the variables were significantly different between the two blood pressure groups (*p* \< 0.001).

###### 

General characteristics of study subjects by blood pressure groups

  Characteristics    Normal blood pressure (*N* = 1716)   Prehypertension (*N* = 2175)   *P*-value
  ------------------ ------------------------------------ ------------------------------ -----------
  Age \[years\]      42 ±9                                45 ±9                          \< 0.001
  SBP \[mm Hg\]      112 ±7                               129 ±6                         \< 0.001
  DBP \[mm Hg\]      67 ±6                                79 ±6                          \< 0.001
  BMI \[kg/m^2^\]    22.6 ±2.7                            24.5 ±2.8                      \< 0.001
  CHO \[mmol/l\]     4.82 ±0.87                           5.11 ±0.98                     \< 0.001
  HDL-C \[mmol/l\]   1.50 ±0.34                           1.44 ±0.34                     \< 0.001
  LDL-C \[mmol/l\]   2.91 ±0.74                           3.23 ±0.81                     \< 0.001
  TG \[mmol/l\]      1.45 ±0.81                           1.85 ±1.18                     \< 0.001
  CR \[μmol/l\]      65 ±14                               70 ±14                         \< 0.001
  UA \[μmol/l\]      288 ±77                              328 ±84                        \<0.001
  FBG \[mmol/l\]     5.10 ±0.64                           5.40 ±1.02                     \< 0.001
  HCY \[μmol/l\]     9.2 ±4.3                             10.1 ±4.7                      \< 0.001

Data are presented as mean ± SD. SBP -- systolic blood pressure, DBP -- diastolic blood pressure, BMI -- body mass index, CHO -- total cholesterol, HDL-C -- high-density lipoprotein cholesterol, LDL-C -- low-density lipoprotein cholesterol, TG -- triglycerides, CR -- creatinine, UA -- uric acid, FBG -- fasting blood glucose, HCY -- homocysteine.

Comparison of the metabolic profile between the two groups (normal blood pressure group vs. prehypertension group) is shown in [Table II](#t0002){ref-type="table"}. Subjects with prehypertension showed metabolic disorders such as dyslipidemia, hyperglycemia and hyperhomocysteinemia. Current smoking, overweight and obesity were also more frequent in prehypertensives compared to those with normal blood pressure. In men, the incidence of hyperuricemia was significantly higher in the prehypertension group than in the normal blood pressure group, whilst in women, there was no significant difference.

###### 

Comparison of the metabolic disorders of the two blood pressure groups

  Metabolic variables            Normal blood pressure *N* (%)   Prehypertension *N* (%)   *P*-value
  ------------------------------ ------------------------------- ------------------------- -----------
  Overweight                                                                               
   BMI: 24.0--27.9 kg/m^2^       427 (25.8)                      970 (50.2)                \< 0.001
  Obesity                                                                                  
   BMI ≥ 28.0 kg/m^2^            57 (4.4)                        227 (19.1)                \< 0.001
  Current smoker                 346 (20.2)                      609 (28.0)                \< 0.001
  Dyslipidemia                                                                             
   CHO ≥ 5.70 mmol/l             266 (15.5)                      546 (25.1)                \< 0.001
   HDL-C \< 1.00 mmol/l          75 (4.4)                        134 (6.2)                 0.014
   LDL-C ≥ 3.60 mmol/l           307 (17.9)                      652 (30.0)                \< 0.001
   TG ≥ 1.7 mmol/l               436 (25.4)                      949 (43.6)                \< 0.001
  High creatinine                                                                          
   CR \> 115 μmol/l for male     1 (0.14)                        0 (0)                     --
   CR \> 107 μmol/l for female   0 (0)                           0 (0)                     --
  Hyperuricemia                                                                            
   UA \> 420 μmol/l for male     92 (12.4)                       289 (19.4)                \< 0.001
   UA \> 360 μmol/l for female   18 (1.8)                        23 (3.4)                  \> 0.05
  Hyperglycemia                                                                            
   FBG \> 6.90 mmol/l            18 (1.0)                        84 (3.9)                  \< 0.001
  Hyperhomocysteinemia:                                                                    
   HCY ≥ 10.0 μmol/l             465 (27.1)                      819 (37.7)                \< 0.001

Metabolic abnormalities associated with prehypertension {#sec3.2}
-------------------------------------------------------

Multiple logistic regression analysis revealed that prehypertension is associated with clusters of metabolic abnormalities including HDL-C (OR = 1.550), TG (OR = 1.141), and FBG (OR = 1.320) after adjusting for age, sex, BMI and smoking ([Table III](#t0003){ref-type="table"}). When the subjects were further divided by gender, the clusters of risk associations in prehypertension were different in men and in women. CHO (OR = 1.602) and FBG (OR = 1.205) were the risk factors associated predominantly with men who have prehypertension, while HDL-C (OR = 1.729), TG (OR = 1.314) and FBG (OR = 1.622) were the risk factors in women. In addition, to determine diagnostic accuracy of risk factors for prehypertension, we used ROC analysis. As shown in [Figure 1](#f0001){ref-type="fig"}, the AUCs of variables were as follows: age (AUC = 0.542, 95% CI: 0.516--0.569, *p* \< 0.001), BMI (AUC = 0.642, 95% CI: 0.617--0.666, *p* \< 0.001), CHO (AUC = 0.562, 95% CI: 0.537--0.588, *p* \< 0.001), FBG (AUC = 0.587, 95% CI: 0.562--0.613, *p* \< 0.001) in men and age (AUC = 0.663, 95% CI: 0.635--0.690, *p* \< 0.001), BMI (AUC = 0.646, 95% CI: 0.619--0.674, *p* \< 0.001), HDL-C (AUC = 0.512, 95% CI: 0.482--0.541, *p* \< 0.001), TG (AUC = 0.616, 95% CI: 0.588--0.645, *p* \< 0.001), FBG (AUC = 0.609, 95% CI: 0.580--0.637, *p* \< 0.001) in women. However, the AUCs of the linear combination model were 0.661 (95% CI: 0.636--0.685, *p* \< 0.001) for men and 0.716 (95% CI: 0.690--0.742, *p* \< 0.001) for women, which was superior to any of the variables considered alone.

###### 

Clusters of metabolic associations of prehypertension after adjusting for age, BMI, sex and smoking

  Gender   Variables   OR      95% CI   *P*-value   
  -------- ----------- ------- -------- ----------- ----------
  All      Age         1.027   1.018    1.035       \< 0.001
  BMI      1.185       1.151   1.221    \< 0.001    
  HDL-C    1.550       1.186   2.205    0.001       
  TG       1.141       1.041   1.251    0.005       
  FBG      1.320       1.177   1.479    \< 0.001    
  Men      Age         1.014   1.003    1.025       0.013
  BMI      1.208       1.163   1.256    \< 0.001    
  CHO      1.602       1.210   2.121    0.001       
  FBG      1.205       1.057   1.374    0.005       
  Women    Age         1.045   1.031    1.059       \< 0.001
  BMI      1.147       1.095   1.201    \< 0.001    
  HDL-C    1.729       1.233   2.425    0.002       
  TG       1.314       1.093   1.581    0.004       
  FBG      1.622       1.319   1.995    \< 0.001    

![Diagnostic accuracy for prehypertension. A -- ROC curves of each variable for the prediction of prehypertension in men. B -- Linear combination model of the four variables for the prediction of prehypertension in men. C -- ROC curves of each variable for the prediction of prehypertension in women. D -- Linear combination model of the five variables for the prediction of prehypertension in women](AMS-14-32889-g001){#f0001}

Discussion {#sec4}
==========

Our study suggested that prehypertension is associated with metabolic disorders and the risk factors were different between the two genders. Therefore, we suggest that in order to delay the progression of prehypertension to hypertension and decrease the risk of development of cardiovascular diseases, prevention strategies need to take into consideration the metabolic abnormalities that are present in subjects with prehypertension and this needs to be done in a gender-specific manner in order to prevent future development of hypertension and its associated complications.

Our study showed that the prevalence of prehypertension was 55.9% in Chinese adults, including 66.9% in men and 41.1% in women. Prehypertension is common and the incidence is likely to increase each passing year as the population ages since incidence of hypertension is known to increase with age. Thus, detecting and preventing prehypertension is an important public health issue that needs special attention in order to prevent future cardiovascular diseases. Higher levels of FBG, UA, CHO, LDL-C, TG and BMI are considered as potential risk factors present in those with prehypertension \[[@cit0024], [@cit0025]\]. It was also reported that prehypertension is likely to be associated with other key risk factors of cardiovascular diseases such as hyperglycemia, dyslipidemia, male gender, older age, smoking, alcohol consumption, and hyperuricemia that may further aggravate future risk of cardiovascular diseases, especially in those with prehypertension \[[@cit0026], [@cit0027]\]. Consistent with the results of previous studies, we observed that age, BMI, HDL-C, TG and FBG are significantly associated with prehypertension. Most of these risk factors are associated with lifestyle. Therefore, changes in lifestyle should be recommended to those with abnormal blood pressure \[[@cit0028]\]. A recent study also suggested that high-intensity circuit training was effective in improving blood pressure, lipoproteins and triglycerides \[[@cit0029]\]. Health education, active management of blood pressure, timely and effective treatment of dyslipidemia, hyperuricemia or hyperglycemia and increasing physical activity should be adopted to delay the progression of prehypertension to hypertension \[[@cit0030]\].

A 5-year evaluation study suggested that age and gender were statistically significantly associated with BMI, systolic and diastolic hypertension, hyperglycemia, hypercholesterolemia and hypertriglyceridemia \[[@cit0031], [@cit0032]\]. Kim *et al.* reported that sociodemographic characteristics of prehypertension showed gender difference \[[@cit0033]\]. Therefore, one needs to consider whether metabolic abnormalities are seen in those with prehypertension and show possible differences between the two genders. In our study, we found that metabolic abnormalities observed in those with prehypertension did show gender differences. In men, CHO was significantly associated with prehypertension, while TG and HDL-C were independent risk factors in women. There is growing evidence to suggest that risk factors associated with elevated blood pressure may differ among men and women and with age of the individual. Natali *et al.* found that men with high normal BP had mildly elevated serum CHO compared with normal blood pressure, whereas women in this category had higher TG \[[@cit0034]\]. Therefore primary invention should be recommended for prehypertension according to the different risk factors present in different genders. The intervention strategies should be developed according to the clusters of metabolic characteristics in different genders rather than based on a single risk factor association. Based on the results of our present study, control of related factors may help prevent prehypertension or delay progress of hypertension and cardiovascular diseases.

There are some limitations to our study. First, most of the subjects were from Zhejiang province. Zhejiang province is relatively economically developed, and therefore the results are less representative of rural China. Second, this is a cross-sectional study. Hence, it is difficult to extrapolate the causal relationships between risk factors and the development of prehypertension. Also other confounders such as demographic and lifestyle habit factors were not available in our study.

In conclusion, the present cross-sectional analysis revealed that risk associations of prehypertension showed gender differences. FBG and CHO were the risk factors present in men with prehypertension, while abnormalities in FBG, TG and HDL-C were found in women. Therefore health education, active management of blood pressure and effective treatment of abnormal lipids are important strategies that need to be employed in the management of prehypertension.
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